Objective: To describe and show the feasibility of a new surgical technique for transoral robotic surgery (TORS) radical tonsillectomy.
proaches; and (5) anatomic characteristics making it impossible for the surgeon to adequately visualize the relevant areas to perform the diagnostic or therapeutic surgical approach transorally.
The major tumor-related contraindications for TORS radical tonsillectomy included (1) unresectability of involved neck nodes; (2) mandibular invasion; (3) tongue base involvement requiring resection of greater than 50% of the tongue base; (4) pharyngeal wall involvement necessitating resection of more than 50% of the posterior pharyngeal wall; (5) radiologic confirmation of carotid artery involvement; and (6) fixation of tumor to the prevertebral fascia.
All patients who fulfilled the inclusion criteria, and who were not disqualified based on either the exclusion criteria or the major tumor-related contraindications, were offered TORS radical tonsillectomy as an option. The general practice in most, but not all, patients in our institution is to perform a separate panendoscopy for staging and/or biopsy and percutaneous endoscopic gastrostomy (PEG) on a date prior to primary resection of any head and neck cancer. Our routine was to perform preoperative computed tomography with contrast or a magnetic resonance imaging scan with gadolinium.
The routine approach used for pathologic analysis in this study was a collaborative approach between surgeon and pathologist. The surgeon would bring the primary resection specimen directly to the pathology laboratory for orientation. The specimens were inked by the surgeon with different colors of pathology inks to denote pertinent margins and pinned to cork board and transected to asses the gross extent of the tumor both on the mucosa and in the deep tissues. If the surgeon and pathologist agreed that the margins were grossly negative for cancer, then no frozen sections were obtained, and the specimen underwent processing for permanent margins. If the margins appeared grossly questionable, then either (1) sections were frozen to assess these margins, or (2) no frozen sectioning was performed, and the surgeon returned to the operating room to remove additional soft tissue margin in the area of question. When re-resection was performed, methylene blue was applied topically to the operative bed to ensure proper orientation of the additional margin, and the new specimen was brought to the pathology laboratory by the surgeon for orientation, inking, and pinning prior to processing. When frozen sections were performed and findings were negative for cancer, an additional margin was obtained only if the surgeon believed that the patient would benefit from a wider resection margin.
Neck dissection was routinely offered to all patients. The neck dissections were staged and performed 1 to 3 weeks following TORS radical tonsillectomy. The rationale for staging the neck dissection was to avoid creating a connection between the pharynx and neck as well as to avoid additional laryngopharyngeal swelling that might result in the need for a tracheotomy. Lymph node levels I through III were dissected, with the option of adding level IV at the discretion of the surgeon, for clinically and radiologically negative necks. 5 The surgeons at the University of Pennsylvania agree with recent literature that supports the use of selective neck dissection followed by irradiation with or without chemotherapy for nodepositive disease. 6 Comprehensive neck dissection resecting levels I through V, the sternocleidomastoid muscle (SCM), jugular vein, and accessory nerve was performed when these structures were invaded by pathologically involved lymph nodes.
The high-risk features in the primary site and neck that were considered indications for postoperative irradiation without chemotherapy included questionable surgical margins and the presence of 2 or more pathologically positive lymph nodes at the time of neck dissection. Relative primary site indications for postoperative radiotherapy without chemotherapy included T4 disease with infiltrative growth patterns and the presence of perineural invasion. Relative neck indications for postoperative radiotherapy alone included the presence of 1 pathologically positive lymph node at the time of neck dissection, which is consistent with the recent literature for selective neck dissection. 7 Our indications for concurrent radiation therapy with cisplatin follow the recommendations reported by Bernier et al 8 in their combined analysis of the 2 randomized trials conducted by the European Organisation for Research and Treatment of Cancer 9 and the Radiation Therapy Oncology Group (RTOG), 10 including (1) positive surgical margins and (2) extracapsular extension (ECE). Since patients with multiple nodes without ECE were included in the RTOG high-risk adjuvant therapy trial, 10 we elected to use this finding as a relative same indication for adjuvant chemoradiation. In addition, while the physicians routinely recommended adding concurrent chemotherapy to postoperative irradiation in high-risk cases, some high-risk patients refused chemotherapy to avoid the incremental acute and chronic morbidity.
An intensity-modulated radiation therapy technique was used in all patients to reduce the risk of late xerostomia. All patients (except one, who opted to be treated elsewhere) were treated consistently with a simultaneous in-field boost prescription technique using 6 to 9 coplanar 6-MV photon fields. Subclinical elective irradiation of undissected areas received 54 Gy in 30 daily fractions. The areas of the surgical bed without high-risk features received 60 Gy in 30 daily fractions. Simultaneously, the surgical bed containing high-risk features received 63 Gy in 30 fractions at 2.1 Gy per fraction. Positive and questionable margins received 66 Gy at 2.2 Gy per fraction. Finally, because the TORS approach causes less disruption of normal tissue planes than other approaches (such as transmandibular resections), we were able to minimize the volume of normal tissue irradiated at high doses to reduce the risk of acute and late radiation-related complications.
Although a full speech-and-swallowing evaluation was beyond the scope of this feasibility study, a surrogate for a complete swallowing outcomes analysis was resumption of swallowing function without the use of the gastrostomy tube. The preoperative functional status was assessed using the Karnosfky score. The Charlson Comorbidity Index was used to assess the overall health status of the patient prior to treatment. 11 We used the da Vinci Surgical System (Intuitive Surgical Inc, Sunnyvale, California). To operate this system, the surgeon sits at a console located at a distance from the patient. The other system components are the surgical cart and the manipulator unit comprising 3 laterally placed instrument arms and a centrally located endoscopic arm. The endoscope has 2 integrated video cameras that allow the surgeon at the console to view the images 3 dimensionally. Eight-and 5-mm robotic arms are available with numerous miniaturized surgical tools that mimic traditional surgical instrumentation. The working ends of the robotic surgical instruments are "wristed" and completely controlled by the surgeon's movement of the handles in the console. Computerized motion scaling allows the surgeon's movements of the handles in the console to be accurately translated to the wristed end effectors. In addition, the system allows for tremor filtration as well as 6°of motion around the wristed instruments.
Our technique is a modification of the transoral lateral oropharyngectomy described by Holsinger et al. 12 As noted in prior reports, the patient is positioned with his or her head at the foot of the bed to allow room for the base of the robotic cart. 13 The nurse sits to the left of the patient; the robotic cart is positioned on the right side of the patient; and the bedside surgical assistant sits at the patient's head (Figure 1) . A wire-reinforced oroendotracheal tube is sutured to both the contralateral nasolabial fold and the buccal mucosa. A Crow-Davis mouth gag is used to expose the pharynx, and this was suspended to the bed via a Storz scope holder (Karl Storz, Tuttlingen, Germany). The positioning of the robotic arms includes central placement of the 0°video endoscope with the robotic surgical arms coming in on either side of the endoscope.
The first incision is made through the buccal mucosa at the level of the pterygomandibular raphe between the upper and lower molars using a 5-mm spatula cautery (Figure 2) . A 5-mm Maryland forceps is used to grasp and retract the buccal mucosa medially. The plane is developed along the lateral aspect of the constrictor muscles, and laterally the pterygoid musculature is identified. The dissection is brought to the level of the styloglossus and stylopharyngeus muscles.
At this point the soft palate is transected, the extent of which is based on the extent of cancer involvement (Figure 3) . The resection is brought down through the soft palate musculature to the level of the prevertebral fascia. The constrictor muscles are elevated off of the prevertebral fascia using blunt dissection with the 5-mm spatula cautery, after which the styloglossus and stylopharyngeus muscles are bluntly dissected circumferentially and then carefully transected. The position of the carotid arterial system is reconfirmed by evaluation of the preoperative scans and attention is focused on assessment of the carotid pulsations, which can be visualized through the adjacent soft tissue in this area. Numerous transverse veins and arteries are clipped with 3 clips on the patient side and 1 clip on the tumor side using a Storz laryngeal clip applier (Karl Storz) and cautery for smaller vessels. Care is taken to make this cut medially to avoid encountering the carotid arterial system.
Attention is then turned to resection at the level of the tongue base. An incision is made across the posterior floor of mouth to the lateral tongue base mucosa. Unlike nonrobotic transoral tonsillar resections in which the exposure of the tongue base is limited, the robotic optics allow for complete visualization of the tongue base, facilitating the routine resection of a margin of normal tongue base mucosa and musculature as a caudal margin. The goal of resection is to have negative final pathologic margins. The extent of tongue base resection is based on the extent of the cancer. However, an important part of the preoperative workup is to be certain that not more than half of the tongue base will need to be resected to avoid a poor swallowing outcome. Care must be taken to avoid transecting the lingual artery. If the artery is encountered and needs to be resected, 3 Storz laryngeal clips are applied on the patient side and 1 on the tumor side prior to transection. If bleeding occurs from the lingual artery, external neck pressure applied by an assistant at the level of the greater cornua of the hyoid decreases blood flow and allows for visualization of the bleeding point and application of Storz laryngeal clips. The base of the tongue is resected to the level of the vallecula. The posterior pharyngeal wall is then resected from the vallecula to the level of the soft palate.
A pharyngoplasty may be performed, when significant soft palate resection has been performed, by suturing the posterior palatal mucosa to the posterior pharyngeal wall with 3 or 4 Polysorb 3-0 sutures (Syneture division of United States Surgical, Norwalk, Connecticut) using a V-20 needle. In cases of carotid exposure, the option is to suture fascial layers over the carotid or allow healing by secondary intention (Figure 4) . The remainder of the mucosal defect is routinely allowed to heal by secondary intention. Bleeding is controlled with suction cautery and Storz laryngeal clips. Surgiflo ( Johnson & Johnson, New Brunswick, New Jersey) or Floseal (Baxter, Bloomington, Indiana) is applied to the base of the wound and removed in 120 seconds. If there is no evidence of epiglottic edema, the patient is extubated at the end of the procedure. If there is concern for laryngopharyngeal swelling, the patient remains intubated and is treated with steroids for 1 to 3 days, followed by extubation.
RESULTS

PATIENT POPULATION
After we obtained written informed consent, which included full disclosure of the risks, benefits, and alternatives to TORS radical tonsillectomy with neck dissection, 27 adult volunteers were included in this prospective study. Table 2) . While this study did not prohibit enrolling patients with recurrent tumors, none of the tonsillar neoplasms were recurrent. No patients who were candidates for TORS radical tonsillectomy were excluded from participation in the study.
PREOPERATIVE ENDOSCOPY AND TORS FEASIBILITY
Most patients in this series (17 of 27) underwent a separate panendoscopy under general anesthesia during which a PEG tube was placed. The remaining patients were determined to be candidates for TORS radical tonsillectomy in the outpatient setting, and they underwent panendoscopy and PEG tube placement at the same time as the TORS radical tonsillectomy procedure. After placement of the Crow-Davis retractor, adequate exposure allowed for appropriate visualization for resection in most cases. The FK retractor (Gyrus ENT LLC, Bartlett, Tennessee) was used in 2 cases.
The surgeons successfully performed TORS in all cases. All robotic arms functioned optimally during the procedures, and no interference between robotic arms was noted ( Table 3) . The mean overall operative time to perform the TORS procedure was 1 hour 43 minutes (range, 26 minutes to 3 hours, 53 minutes), including a mean of 9 minutes for exposure and robotic positioning (range, 2-22 minutes). The operative time included the duration of specimen orientation by the surgeon and the pathologist as well as time for frozen section.
EXTENT OF NECK DISSECTION AND PATHOLOGIC FINDINGS
One patient with a clinically negative neck chose not to undergo neck dissection. One patient underwent bilateral neck dissections sparing the SCMs, jugular veins, and accessory nerves, and lymph node levels I through IV were resected. Among the remaining 25 patients, 12 underwent resection of lymph node levels I through V; 10 underwent resection of lymph node levels I through IV; and 3 underwent resection of lymph node levels I through III. Among the 12 patients who underwent resection of lymph node levels I through V, 7 underwent resection of the SCM, jugular vein, and accessory nerve; 1 underwent resection of the SCM sparing the jugular vein and accessory nerve; and 4 had sparing of the SCM, jugular vein, and accessory nerve.
Twenty-six of 27 patients had invasive squamous cell carcinoma; 1 had a basaloid squamous cell carcinoma. Perineural invasion was noted in 2 of 27 patients (8%). Six patients had poorly differentiated squamous cell carcinoma, and 6 patients had moderately to poorly differ-2 1 Figure 4 . Preparing to suture the fascia over exposed carotid arterial system via transoral robotic surgery during radical tonsillectomy. (Table 1) . Among the 9 patients for whom frozen sections were obtained, the final margins were negative in 8 and uncertain in 1 because of cautery artifact. Negative margins were obtained in the 18 patients who did not undergo frozen sections with the exception of 1 patient who had questionable margins.
Of the 4 patients with clinical stage N0, 1 chose to undergo irradiation and not neck dissection; therefore, no pathologic staging was performed. One patient had 2 positive nodes without ECE, and 2 patients had no positive nodes following neck dissection. Among the 26 patients who underwent neck dissection, 2 had no positive nodes; 10 had 1 positive node; and 14 had more than 1 involved lymph node. Eleven patients were noted to have ECE.
ADJUVANT THERAPY
Two patients (staged T2N0 and T3N0) had negative margins (7%), no perineural invasion, and no pathologically involved lymph nodes; they underwent no postoperative irradiation.
One patient had received prior irradiation and chemotherapy for lymphoma. This patient underwent comprehensive neck dissection resecting lymph node levels I through V as well as the SCM, jugular vein, and accessory nerve. This patient had 1 positive node without ECE and therefore would have undergone irradiation alone postoperatively had he not undergone irradiation previously for lymphoma. He followed the recommendations of his medical oncologist elsewhere and was treated with postoperative chemotherapy alone (4%).
Postoperative radiation therapy without chemotherapy was administered to 9 patients (33%), and postoperative irradiation with chemotherapy to 15 patients (56%).
OUTCOMES
One patient was lost to follow-up, and among the remaining 26 patients, there were no local or regional recurrences. One of the 26 patients developed widespread distant metastasis.
The mean blood loss during the TORS procedure was 189 mL (range, 0-500 mL). No transfusions were performed.
One patient underwent planned tracheotomy during the TORS radical tonsillectomy because of concerns about airway swelling. Twenty patients were extubated at the end of the TORS radical tonsillectomy. The remaining 6 patients remained intubated for an average of 2.7 days postoperatively (range, 2-3 days). Following extubation, 1 patient underwent unplanned tracheotomy postoperatively for an exacerbation of his sleep apnea.
All patients underwent percutaneous gastrostomy. At last follow-up, 26 of 27 patients were swallowing without the use of a gastrostomy tube (96%).
COMPLICATIONS
No mortalities occurred. The operative complications occurring within 30 days of the TORS procedure are summarized in Table 4 . Three complications occurred in 2 patients: one patient, who was hospitalized when he presented for surgery for neck dissection, experienced delirium tremens from alcohol withdrawal; the other patient had transoral bleeding and underwent cautery of minor mucosal bleeding. This patient also had a preoperative history of sleep apnea, which was exacerbated by the postoperative swelling that occurs in TORS. Therefore, a temporary tracheotomy tube was placed to overcome his obstructive sleep apnea. This procedure was per- 
